Currently, poverty and inequality are crucial social issues around the world. They demand objective evaluations with the purpose of defining policies and prioritizing actions. Most of the times the most important problem lies on the fact that individuals under poverty circumstances or belonging to vulnerable collectives cannot escape these conditions by themselves and need external assistance or interventions. Another added difficulty is that both poverty and inequality can be studied from different angles and require a multidimensional approach whose definition is not straightforward. There exists a vicious cycle defined by a collection of determinants or events that lead to a phenomenon in which various disadvantages work circularly so that it is impossible for individuals or households to break the cycle.
Introduction
Inequality and poverty are growing problems around the world and many studies have been showing how the levels of these phenomena both within and between countries have increased in the last decades. Infrastructures have been recognised as having a fundamental role to play both in the generation and in the mitigation of these problems. Actually, there exists a growing amount of literature dealing with the relationship existing between infrastructure and growth and or human development. But infrastructure development not only has effects on human development and growth, but also on inequality. Despite the fact that some researchers have analysed the relationship between infrastructure, poverty and [1, 2, 3] , this work has failed to address the multidimensional nature of these phenomena. Current analyses focus on inequality in economic terms and therefore fail to approach other dimensions such as education and health. An inherent issue to poverty is the fact that the conditions under which it occurs generate a collection of characteristics that make it difficult to escape them. In fact, many authors have dealt with the so-called vicious cycle of poverty and have proposed different versions for it [4, 5, 6] . Even though there exists a parallelism with the phenomenon of inequality, there is not yet literature describing how inequalities arise and propagate along time, making it difficult for individuals in vulnerable situations to escape from this vicious cycle. However, the understanding of these cycles is fundamental for the consideration of sustainability holistically.
Having said this, the objectives of this paper are two-fold. First of all, this paper aims to propose a structure for the vicious cycle of inequality with the objective of providing a better understanding of how this phenomenon arises and when and where are most useful the methodologies to tackle with it. This cycle exists both at an individual level and at a collective level and both are analysed. Secondly, we examine how these cycles can be interrupted through industry, innovation and infrastructure, which are the basis of the ninth Sustainable Development Goal.
The structure of the paper is as follows. Section 2 describes the methodology that has been followed for the analysis carried out in the development of the paper. Section 3 briefly introduces contributions dealing with the effects of infrastructure on problems such as human well-being, poverty and inequality. Then, section 4 describes the vicious cycles of poverty and of inequality. On the basis of these descriptions, section 5 discusses measures to be taken in order to break these cycles. Finally, section 6 concludes.
Methodology
The methodology that has been followed for this study is the one shown in Figure 1 . First of all, a literature review was conducted with the objective of establishing the relationships that have been found between poverty and inequality with infrastructure, industry and innovation. Secondly, the results of the literature review were used to establish how the vicious cycle of poverty has been defined in other publications. This, together with the references dealing with inequality, was used at the same time as a source of information to describe a vicious cycle of inequality. On the basis of this cycle, several different key spots that may be helpful to break the cycles are identified and possible solutions are analysed. 
Literature review
There is general agreement on the fact that infrastructure development plays an important role both in developed and developing countries. However, authors tend to diverge with regard to the characteristics of this role. While some of them emphasise the benefits of infrastructures on economic growth [1] , others point out at the fact that when the impact is positive in the sense that it leads indeed to an economic growth, it can have negative effects on the way assets are distributed among population, leading to an increase in interpersonal and interregional inequalities [2] . Besides, some analyses show that growth due to investment in infrastructure is not always positive and it depends on the kind of infrastructure, such as health, education, transport, energy and communication [7, 8] [3] . Infrastructures can help in the reduction of inequality by improving mobility and geographic access and therefore enhancing people's access to job opportunities or children access to schools; also, it can serve to increase the value assets of those at the bottom of the distribution. Besides, communication infrastructure can be helpful for vulnerable groups to search, find and apply for productive opportunities to which they would otherwise not have access to. It must be emphasised at this point that although many authors have traditionally focused on inequality in monetary terms, inequality is a multidimensional problem and therefore it can occur in different areas apart from economy, such as health, education or participation. This means that even though in some situations infrastructure provisioning affects only one of these dimensions, they are correlated and other dimensions can indirectly be impacted.
Apart from the effects of infrastructure on inequality, several authors have analysed and empirically shown evidence on the relationship between innovation and disparities [9, 10, 11] . Nevertheless, there is disagreement on the kind of effect it has. [12] , for example, show a positive correlation between innovation and social mobility; but [13] emphasise that even though innovation can lead to economic development, it does not ensure this growth to be totally inclusive.
It needs to be considered that there is a strong connection between built environment and poverty or inequality. This connection is related to sustainability. Even though a considerable amount of literature has analysed infrastructures' environmental sustainability, few writers have been able to draw on any systematic research into its social pillar [14, 15, 16, 17] . However, according to some authors, it is only when a good or a service is socially sustainable that it is possible to start considering environmental sustainability [18] .
Among the Sustainable Development Goals, the ninth provides a basis for understanding and dealing with issues concerning infrastructure, such as transportation networks, water provision and sanitation and energy infrastructure.
The vicious cycle of inequality
The circumstances under which children that live in poor families grow up substantially affect their personal and educational development. In this context, the access of the household to resources to cover their basic needs is minimal; therefore, these children lack access to enough food, to safe water and sanitation and to healthcare. As a result, the children may be malnourished and have health problems; this has as consequence a low productivity at school due to the lack of energy of the children or due to their incapability to attend school classes. They are disadvantaged in education and skills and have difficulties finding a job when older, which will make it complicated for him to escape the vicious cycle.
The cycle can also be analysed from the point of view of an adult. If he is living in a poor household he is probably disadvantaged in education and skills. At the same time, poverty will also restrict his access to food, safe water and healthcare, which leads to a higher probability of undergoing diseases or infections, as well as to a lack of energy. Altogether has as consequence less job opportunities or a low productivity at work, leading to unemployment or a low personal income. This can have effects on the personal stability and self-esteem of the individual and in some cases can result in increased child births; together with the high probability that there are sick adults at the household there is a greater number of dependants that need to survive with the household's low family income.
These cycles, the children and the adult ones, can be seen in Figure 2 . They include the factors that authors have most commonly included in their analyses, even though small variations from the diagrams presented here can exist; these differences come generally from the point of view taken and from the depth of details in the description. Poverty vicious cycles have attracted greater attention and generally less attention has been paid to the vicious cycle occurring with inequality. While families living in vulnerable situations due to poverty it is possible to define the cycle for adults and for children, in the case of inequality there is a collective component that adds up to the household one. This is why in the case of inequality cycles, apart from differentiating between children and adults, we also describe the differences existing between inequality at individual and at collective levels. Figure 3 shows the inequality cycles at an individual or household level and at a collective level.
Firstly, at a household level, individuals (children or adults) that are in a vulnerable situation in terms of economy, health, education, etc. are disadvantaged in the access to basic needs (such as food, water and energy) and to basic services (such as healthcare and education). Therefore, they are more vulnerable to diseases and are prone to receiving worse education and achieving lower skills. As a consequence, there is more risk of being depleted and of getting sick; this, together with a worse level of education, leads to fewer work opportunities in comparison to other people who is more advantaged in these dimensions. This gives rise to an increase in unemployment or, in the case that they succeed in finding a job, to worse working conditions. In the end, they receive lower incomes and even though they live in worse conditions, they don't have enough resources to move to a better place, which restricts their social mobility.
Secondly, looking at inequality from a collective perspective, vulnerable groups are usually excluded or disadvantaged in social activities and environments and are often stereotyped; this affects their communicating strength within society, which has consequences on their influence and political power. In consequence, they are inadequately represented within society and their needs may be less visible among stakeholders or they may have less opportunities to impact on decisions made at different levels. Hence, their fundamental rights, such as basic needs, the right to no discrimination or the right to a decent life may be affected or even completely denied. In the end, the social mobility of the group is very limited and they continue to be in a vulnerable situation.
Figure 3 Inequality vicious cycles

Discussion: infrastructure, innovation and industry to tackle with inequality
In the previous sections we have introduced the state-of-art of the relationship between poverty and inequality and infrastructure and we have described the vicious cycles of poverty and proposed the cycles of inequality. The aim of this section is to analyse measures to tackle with the problem of inequality from three perspectives: infrastructure, innovation and industry. On the basis of the conducted research, we have identified four domains through which the cycle can be broken at individual level, and one at collective level. For the former, there is: education, economic activity, health and quality of life, leisure; for the latter, there is participation in decision-making. We have described each domain in Table 1 . In this table we also introduce the measures that we propose as key actions to break the vicious cycles. These measures are classified according to whether they correspond to infrastructure, innovation or industry.
First of all, as for education, the identified aspects relate to the lack of access to education or to the (low) levels of skills and education. [19] document the relationship between regional disparities and class sizes, number of teachers and counsellors, amount and quality of academic courses, amount of extracurricular activities, provision of books, materials, supplies and computers, quantity of libraries and special services. Education infrastructure such as schools plays an important role in education inequality. For example, [20] shows regional differences in education levels due to disparities existing in terms of infrastructures and of public education resources in Ghana. Therefore, it is necessary to invest in building and improving schools and other infrastructures with educational objectives and make them both sustainable and resilient (Aspect 1.1). Another aspect to account for is the access to education services. If there are no physical facilities or if there are barriers for children to attend school, some collectives might fail to achieve good levels of education. [21] emphasise how transport inequalities can have consequences on the capability of people to access certain activities such as education and training. If children belong to a vulnerable group, they either must rely on public transportation or they need to find their own means to get to school. Therefore, improving the public transportation system or the roads and paths through which children have to get to school is key to tackle this sort of inequalities; also, facilities need to be developed offered to children living in remote locations such as special transportation, platforms to connect families with the same problems and willing to share transportation or distance education (Aspects 1.2 and 1.3). Aspect 1.4 refers to the need for including social problems issues such as inequality in the education of children, and also of possible training of adults and of employers and employees in order to avoid the perpetuation of stereotypes and social stigmas. Finally, Aspect 1.5 proposes developing and producing new forms of school materials, to make them accessible and affordable for everybody, such as through ICTs.
Secondly, as for economic activity, [22] empirically show the relationship between income inequalities and geographical access to goods. [20] points at the fact that inequalities in access to employment can arise as an effect of transport inequalities. Therefore, ensuring that transportation can be accessed and afforded by all members of society is key, and this can be done by improving transportation infrastructure (Aspect 2.1). However, not all the problem comes from inequalities in physical access, but also from the lack of access to job opportunities. Some authors [23, 24] argue that ICTs can have impacts on the quantity, quality and distribution employment opportunities as well as on income levels of vulnerable groups. However, this impact is not always positive in terms of inequality and quality of life; [24] present two different scenarios, a pessimistic and an optimistic one, and describe the effects of ICT on employment relations and employment protection, time and work autonomy and skills and careers. In Aspect 2.2 we emphasise the need of developing ICTs that are inclusive and accessible for all and that can have positive impacts on employment. Aspect 2.3 focuses on investments in science and technology research, which can generate new jobs and improve the existing ones. For instance, [17] empirically analyse the relationship between public investments in research and development with the change in poverty and inequality. Aspects 2.4 and 2.5 target the industry and claim first of all that in the working environment it is fundamental that all practices and standards are satisfied so that vulnerable people are not given a differential treatment; secondly, they advocate for the development and implementation of equity policies that can influence the industrial development positively, namely, inclusively and sustainably. Fourthly, one aspect that has been less analysed is related to how individuals spend their free time.
As it was observed in the vicious cycle, social problems such as inequality can psychologically affect individuals. Actually, many authors have described and empirically examined evidence on the relationship existing between leisure and physical, social, emotional and cognitive health [28, 29, 31] . Therefore, promoting and engaging people in mentally and physically healthy activities can strengthen their self-confidence.
Finally, it is necessary to work towards strengthening the political power of disadvantaged groups and towards increasing their access to participation in decision-making processes that may affect them. As pointed out in [31] , factors making groups more vulnerable are their living environment (such as their neighbourhood) and the type of social relationships established between them. Therefore, a first way to tackle with this problem is to fight against the effect that a degraded or negative environment has on the reinforcement of inequality (Aspect 5.1) by improving urban areas. Also, it is necessary to facilitate and reinforce the relationships between people belonging to vulnerable groups and between pressure groups and vulnerable people so that they can fight against their exclusion or stereotypes collectively (Aspect 5.2). Aspect 5.3 points out at the need for making it easier for disadvantaged groups to taking part in decision-making processes by developing new forms of participation. Finally, Aspect 5.4 emphasises the fact that one way to break the cycle is through awareness campaigns and development of inclusive social policies.
Conclusions
This paper has analysed the relationship between inequality and infrastructures, innovation and industry and has described the main factors that boost the perpetuation of inequality in time, generating a vicious cycle of inequality. The considerations taken in the presented cycle of inequality are: the level at which it occurs (individual/household or collective) and if it is representative of children or of adult.
The analysis carried out has been used to identify at which points the inequality vicious cycle can be broken. The four areas that are fundamental at individual level are: education, economic activities, health and quality of life and leisure. As for the collective level, it is important to take measures on political power and on participation in decision-making processes.
For each of the identified areas specific measures have been proposed, each one belonging to at least one of the categories infrastructures, innovation and industry. The number of measures that have been described are five for education, five for economic activity, five for health and quality of life, one for leisure and four for political power and participation in decision-making.
The following key characteristics have been established for each of the three areas of action:
x Infrastructure: construction of inclusive basic facilities (aimed at everyone), mobility logistics, physical accessibility, improvement of the living physical environment. x Innovation: expansion of technologies, development of new skills.
x Industry: production of goods, production of services, satisfaction of ethical standards, promotion of good practices.
